Management that enhances floral resources can be an effective way to support pollinators and 15 pollination services. Some wildlife-friendly farming schemes aim to enhance the density and 16 diversity of floral resources in non-crop habitats on farms, whilst managing crop fields intensively. 17
Introduction 38
Declines in the abundance, diversity or ranges of insect pollinators have been documented in Britain 39 (Ollerton et al., 2014) , China (Xie et al., 2008) , Europe (Nieto et al., 2014) , and North America 40 (Cameron et al., 2011 Kerr et al., 2015) . In addition to species conservation concerns, these 43 declines put pollination services at risk, which are important for 78% of wild plants (Ollerton et al., 44 2011) and 75% of crops (Klein et al., 2007) . Demand for crop pollination in Europe has increased 45 faster than honeybee stocks, increasing the dependency on wild pollinators for crop production 46 (Breeze et al., 2014) . In Sweden, red clover seed yield has declined and become more variable, most 47 likely due to the homogenisation of the bumblebee visitor community (Bommarco et al. 2012) . 48 Parallel declines in insect-pollinated plants, bees and hoverflies have been documented in the UK 49 and the Netherlands, suggesting that insect-pollination services to wildflowers have declined 50 (Biesmeijer et al., 2006) . However these declines have slowed since 1990, which may be due to 51 conservation efforts (Carvalheiro et al., 2013) . 52
53
To mitigate declines in pollinators and associated pollination services, the limiting resources or risk 54 factors affecting pollinator populations need to be addressed. Policy responses that benefit 55 pollinators have so far focused on reversing habitat loss, particularly enhancing floral resources. 56
Floral resources are considered to be a major limiting factor for bee populations (Roulston and  57 Goodell, 2011) and have declined over the 20 th century in the UK (Carvell et al. 2006) . Areas 58 managed to enhance floral resources tend to support a higher density and/or diversity of pollinating 59 insects (Carvell et al., 2007 , Haaland et al., 2011 and have been associated with higher densities of 60 bumblebee nests (Wood et al., 2015a) . How effective floral resource enhancement is for pollinators 61 depends not only on the density and diversity of flowers, but also on the ecological contrast that the 62 management creates. Ecological contrast describes how far a resource is improved compared to a 63 control and compared to the surrounding landscape (Scheper et al. 2013 ). 64 65 It is possible that floral resource enhancement could improve pollination services. Floral resources 66 can influence pollination services through attracting more pollinators to the target plants (Ebeling et 67 al., 2008) . This is an example of facilitation: when the surrounding floral display attracts pollinators 68 and increases visitation to the target plant. Multi-species plant assemblages have been found to 69 enhance visitation and pollination up to a threshold, above which the surrounding flowers compete 70 with the target species for pollinator visits (Ghazoul, 2006) . Local weed diversity (Carvalheiro et al., 71 2011), proximity of semi-natural habitat (Garibaldi et al., 2011 , Martins et al., 2015 , creation of 72 sown flower strips (Blaauw and Isaacs, 2014) and traditional hay meadow management (Albrecht et 73 al., 2007) have all been found to enhance pollination services in the local vicinity. 74
75
The main tools in Europe for enhancing floral resources in agriculturally dominated landscapes are 76 wildlife-friendly farming schemes, which include both EU-funded governmental agri-environment 77 schemes and market-funded certification schemes. These schemes vary widely in their objectives 78 and management requirements. Most agri-environment schemes focus on managing land out of 79 production rather than focusing on within-crop practices. Creating minimum management requirements that benefit pollinators is one way of encouraging 97 farmers to implement options that provide the greatest benefits to wildlife. This is the approach 98 taken by Conservation Grade (CG), a biodiversity-focused farming protocol, which is funded through 99 sales of 'Fair to Nature' branded food products (http://www.conservationgrade.org). Farmers are 100 required to provide wildlife habitat on at least 10% of the farmed area, of which 4% must be pollen 101 and nectar rich habitat. Given this protocol, we expect non-crop habitats on CG farms to contain 102 more floral resources, higher local pollinator density and diversity and higher pollination services 103 than non-crop habitats on ELS farms. 104
105
Another strategy to make agriculture more wildlife friendly is through organic farming practices. 106
These aim to promote ecological processes that aid production; therefore organic farming applies 107 agroecological management to cropped areas more often than non-organic farming. This includes 108 the use of legumes to build soil fertility and restrictions on pesticide inputs to encourage natural 109 enemies. The spatial difference, within the farm, in the allocation of agri-environmental 110 management between organic and non-organic farms in England is demonstrated by the national 111 patterns of ELS option uptake. Organic farms were eight times more likely to undersow spring 112 cereals with a 10% legume mix, and non-organic farms were three times more likely to take a field 113 corner out of management (Natural England, 2011). Furthermore, organic management of crops is 114 associated with a higher diversity and abundance of plants (Fuller et al., 2005) . Therefore, we 115 expect to find a higher level of floral resource, a higher density and diversity of bees (as found by 116 Holzschuh et al. 2007 ) and a higher level of pollination service in organic crops compared to non-117 organic crops. 118
119
In this study we compared three contrasting wildlife-friendly farming schemes in England: organic 120 farming, Conservation Grade (CG), and Entry Level Stewardship (ELS). ELS was the baseline scheme 121 in which all study farms participated. From here on, farms in ELS only are referred to as ELS, farms in 122 ELS+CG are referred to as CG and farms in organic ELS are referred to as organic. In our study, three-123 quarters of the CG and organic farms were also in HLS and the implications of this are discussed. By 124 studying farms managed under these schemes, we were able to compare organic and non-organic 125 approaches and prescriptive versus more flexible approaches towards scheme design. This is the 126 first comparison of how whole-farm agri-environment schemes compare in terms of floral resources, 127 pollinator density and diversity and pollination services, using a sampling approach that takes into 128 account the habitat composition of the farm. We aimed to answer two key research questions: 1) proportion of semi-natural habitat and mass flowering crop in a 1km radius around each sampling 171 point was highly variable, so was included in pollinator models, to account for the potentially 172 confounding influence of neighbouring off-farm habitat on the pollinator density observed in crop 173
and non-crop habitats on-farm. Two of the landscapes were simple (<20% semi-natural habitat) and 174 two were complex (>20% semi-natural habitat, Appendix, Table A of high value for biodiversity may have been missed. The habitats not in ES were given a weighting 210 of 1, whereas the ES habitats were weighted using the following equation: ES points or payment per 211 ha/ (85 x 0.9). This equation was used because the lowest number of points that any of the ES 212 options on these farms earned per ha was 85. Therefore the lowest scoring ES option had a 213 weighting of 1.05 and the weighting for other options increased proportionally up to the highest 214 scoring option which earned 485 points and received a weighting of 6.34. The proportion that each 215 habitat's weighted area made of the summed weighted habitat areas for each farm was used to 216 assign the twelve sampling points to habitats. These points were then randomly plotted within 217 habitats using the 'genrandompnts' tool (Beyer 2012 , (Figure 1b) . 218
219
We focused on the density and species richness of bees and hoverflies, which are the main 220 functional groups of pollinators in Europe (Albrecht et al., 2012) . For our phytometer species, bees 221 are considered to be the most important pollinator guild (Cook, 1962) shown to be a consistent and cost effective method for measuring pollination services (Woodcock et 253 al., 2014) . Californian poppy was chosen because it is an ornamental species not found in the 254 natural environment that performed well in field trials. This allowed us to standardise the 255 availability of pollen, which is important because it allows us to measure insect pollination services 256 in a way that is not affected by the distribution of a particular native plant species in the landscape. 257
It is an open-access flower accessible by a wide range of pollinators and so can be used as proxy of 258 ambient pollination services. 259
260
Phytometer sampling points were allocated using the same proportional stratified sampling design 261 used for pollinator surveys. The proportion of phytometer points in crop habitats was 53.6 % (ELS), 262 38.0 % (CG) and 47.0 % (Org). Phytometers were placed 50 cm apart at the central point. 263
Phytometers remained in pots which were partly sunk into the soil. Surrounding vegetation was 264 flattened within a 1 m radius to allow access to flowers by pollinators and prevent shading of the 265 phytometers. Phytometers were watered well on setting out, once during the exposure period and 266 once upon collection. 267
268
On setting out, phytometers were classified using a three point plant vigour score based on a visual 269 appraisal of health. Where livestock were in fields, phytometers were placed at field edges behind 270 fences. Where possible plants were arranged in a triangle, but if not possible they were arranged in 271 a line. Phytometers were exposed on-site for three weeks, after which they were collected and any 272 damage or drought was noted. They were then left in pollinator exclusion cages whilst fruit ripening 273 occurred. Fruit set, defined as the proportion of nodes which contained at least one developed 274 seed, along with the number of seeds per fruit were counted. 275 276
Data analysis 277
Sampling points were divided into crop and non-crop habitats to further investigate differences 278 between schemes, since organic farming affects the cropped areas of the farm, whereas the majority 279 of the ELS and CG schemes are focused on non-cropped areas. Crop habitats were defined as fields 280 reseeded annually with a crop other than grass, as part of an arable rotation. Grassland (including 281 grass/clover mixes), hedgerows, field margins, and other non-production areas were classified as 282 non-crop habitats. Improved grassland was not classified with crop habitats as 'production area' 283 because the differences between organic and non-organic systems are expected to be largest in 284 arable fields. 285
286
To compare floral resources, pollinators and pollination services among schemes we used 287 generalised linear mixed effects models (GLMMs) from the package lme4 (Bates et al., 2014 ) with 288 nested random effects (farms within regions). The probability of presence of floral resource, 289 pollinators and pollination service at the ten proportionally allocated sampling points were modelled 290 using GLMMs with binomial distributions, with scheme as a predictor variable. 291
292
Flower density was log+1 transformed and modelled using a GLMM with Gaussian errors. For flower 293 density models, heteroscedascity of residuals could not be reduced, so estimates and SE values are 294 reported from post-hoc tests as the p values were considered unreliable. Flower diversity was 295 analysed using a GLMM with a Gamma error distribution since it was positive continuous data. Total 296 floral resource at the farm scale was estimated by multiplying the habitat flower density by the 297 habitat area, summing across habitat types, and dividing by total farm area. Area of hedgerows was 298 estimated using length multiplied by a mean width of 1.93 m (data from 14 hedges in Berkshire and 299
Oxfordshire, Garratt, M.P. pers. comm.). 300
301
In order to reduce overdispersion, the GLMMs for density of bees and hoverflies used a log-normal 302
Poisson distribution (Elston et al., 2001 ) and for species richness of bees used a negative binomial 303 distribution. The covariates temperature, wind, cloud, proportion of mass flowering crop and 304
proportion of semi-natural habitat in 1km buffer around sampling points were include in pollinator 305 models. Number of bee species per scheme was rarefied to the minimum number of individuals per 306 scheme using the rarecurve function in the vegan package (Oksanen et al., 2015) . 307
Full pollination service models included plant vigour score, proportion of semi-natural habitat and 308 mass flowering crop in a 1 km radius around sampling points, scheme type, and distance to nearest 309 field edge. The latter variable was included to account for the potentially confounding influence of 310 phytometers needing to be moved to the edge of fields to avoid livestock and farm operations more 311 on some farms than others. 
Results 331

Spatial distribution of floral resources between habitats 332
The proportion of sampling points with insect-rewarding plants present was higher on organic 333 compared to ELS farms, (LRT Chi 2 (2) = 9.552, p=0.008, Post-hoc test: Org>ELS: 0.001, Figure C 
.1). 334
However the proportion of sampling points with bees, hoverflies, insect-flower visits or fruit set 335 present did not vary between schemes (Appendix C, 
Differences between crop and non-crop habitats in flower density and diversity 359
There was a significant interaction between scheme and habitat type in explaining variation in 360 flower density (LRT Chi 2 (2) = 8.357, p=0.015, Figure 2a ). Post-hoc tests revealed that flower density 361 was higher in non-crop habitat than in crop habitats on ELS (Estimate ±SE: 3.31 ±0.74) and CG farms 362 (3.59 ±0.79). Crop habitats supported a higher flower density on organic farms compared to ELS 363 (3.72 ±1.18) or CG farms (3.71 ±1.14). There were no significant differences between schemes in 364 flower Shannon diversity in non-crop habitats (LRT Chi 2 (2) = 0.360, p=0.835, Figure 2b ). 365 366
Differences between crop and non-crop habitats in pollinator density and diversity 367
There were no significant interactions between scheme and habitat type (crop or non-crop) in 368 explaining bee species richness (LRT Chi 2 (2) = 0.366, p=0.833, Figure 3a) , hoverfly density (LRT Chi 2 369 (2) = 1.082, p=0.582, Figure 3b ) or bee density (LRT Chi 2 (2) = 4.161, p=0.125, Figure 3c ). There was a 370 significantly higher density of bees (LRT Chi 2 (1) = 16.60, p<0.001) and species richness of bees (LRT 371 Chi 2 (1) = 4.707, p=0.030) in non-crop habitats than in crop habitats overall. Habitat type did not 372 have a significant independent effect on hoverfly density (LRT Chi 2 (1) = 0.162, p=0.688). 373 374
Differences between crop and non-crop habitats in insect-wildflower visitation 375
There was a significant interaction between scheme and habitat type in explaining density of 376 wildflower visits made by bees (LRT Chi 2 (2) = 11.65, p=0.003, Figure 3d ). Post-hoc tests revealed 377 that on CG and ELS farms there were significantly more bee visits to wildflowers in non-crop 378 compared to crop habitats (CG: p<0.001, ELS: p<0.001) whereas on organic farms there were no 379 significant differences between crop and non-crop habitats (p=0.292). There was insufficient data 380 on density of hoverfly visits to be analysed. 381 382
Differences between crop and non-crop habitats in pollination services 383
There was an interaction between scheme and habitat type in explaining fruit set of phytometers 384 (LRT Chi 2 =10.79, p=0.005, Figure 4 ). Post-hoc tests revealed that organic crop habitats supported 385 significantly higher fruit set than CG crop habitats (p<0.001) or ELS crop habitats (p<0.001). In 386 addition, ELS non-crop habitats supported significantly higher fruit set than ELS crop habitats (p= 387 0.022). There was no significant interaction between habitat type and scheme in explaining seeds 388 per node per phytometer plant (LRT Chi 2 = 1.018, df=2, p=0.601). 389 
Pollinator density and species richness 397
In pan traps we recorded 52 bee species, and on transects we recorded 925 bee individuals and 386 398 hoverfly individuals. CG farms showed a weak tendency towards supporting a higher density of bees 399 on transects at the farm level, once an outlier with a particularly high density of honeybees on 400 restored organic heathland was removed, (Org=235, CG=283, ELS=243, Chi 
Spatial distribution of floral resources, pollinators and pollination services 441
On organic farms, we found that a greater proportion of the farm had floral resources present in July 442
and August, since both crop and non-crop habitats delivered floral resources. pest control by natural enemies, nitrogen fixation) or provide disservices to crop production 513 (competition for resources with the crop, supporting pests). Determining economic thresholds for 514 weed tolerance in different crops is an important area of future research, and one factor to take into 515 account is the pollinator dependence of the crop (Deguines et al., 2014). There are potentially 516 opposing effects of weeds on yields for insect-pollinator-dependent vs. independent crops 517 (Bretagnolle and Gaba, 2015) . Although our study was not designed to look at yields, farm intensity 518 data collected through farmer interviews revealed that organic winter wheat yields were 519 significantly lower than CG and ELS (winter wheat tonnes/ha mean ± SE , ELS: 7.00 ± 0.23, CG:8.04 ± 520 0.30, Org: 3.06 ± 0.17, Appendix A, full list of reports in Appendix C). Where farm management aims to support high wheat yields and 523 pollinators within the same farm, our results suggest the CG scheme is likely to be more appropriate. 524
525
Deciding which wildlife-friendly farming scheme individual farms should enter is a process that 526 needs to be spatially optimised at both landscape and national scales. Factors to consider include 527 landscape level biodiversity and food production targets, starting conditions and the productivity of 528 the land. Spatial targeting is being used for both tiers in the new Countryside Stewardship scheme 529 which is replacing Environmental Stewardship (Natural England, 2015) and this process has potential 530 to be improved through better data and models. Our study stimulates further research questions on 531 which schemes or management practices will optimise pollination services to specific crops and 532 stimulates debate about potential trade-offs between managing for insect-pollinator dependent and 533 independent crops. This will involve consideration of how best to facilitate crop conspecific pollen 534 transfer and reduce potential pollen competition between crop plants and co-flowering species 535 (Schüepp et al., 2014) . 536 537
Conclusion 538
Our research has explored three contrasting approaches towards management of biodiversity and 539 ecosystem services in agricultural landscapes. The most holistic approach (organic) supported the 540 highest level of pollination service, and the most prescriptive non-organic approach (CG) supported 541 the highest farm level density of insect visits, but these were more concentrated in non-crop areas. 542
The basic, flexible approach (ELS) still supported high flower densities in non-crop habitats and a 543 similar farm level pollination service to the CG scheme. CG 35.4 ± 10.7 39.2 ± 17.2 9.5 ± 7.4 2.1 ± 1.5 0 ± 0 10.9 ± 9.3 3.08 ± 1.38
Org 39.1 ± 14.9 0.6 ± 0.3 5.4 ± 3.9 8.9 ± 2.8 36.2 ± 15.5 9.8 ± 5.3 0.05 ± 0.04 742 743
